in contrast to the radially distributed projection neurons (Tan et al., 1998).
noblot analysis to document the temporal and regional patterns of expression of HGF/SF and MET proteins. In cell lines, HGF/SF is released as a single chain pro-form (100 kDa) that must be cleaved to the active form (70 and 30 kDa) (Mars et al., 1995 ; Matsumoto and Nakamura, 1997). Immunoblots from forebrain regions contained barely detectable, inactive single chain HGF/SF, suggesting that most HGF/SF in the embryonic forebrain is the activated, ‫07ف‬ kDa form. An intense 70 kDa HGF/ SF band was evident at E13.5 in the cerebral cortex and GE, with diminishing immunoreactivity at E16.5 ( Figure  2A ). By P0, HGF/SF was barely detectable in forebrain homogenates (data not shown). In contrast to HGF/SF, MET protein increased developmentally, with low levels of the 145 kDa immunoreactive band in the cortex and GE at E13.5 ( Figure 2B ) that increase with age, particularly in cortical extracts. The data indicate that the onset and general patterns of HGF/SF and MET protein expression parallel those delineated for their respective transcripts, although the decrease in detectable HGF/ SF protein at E16.5 is more dramatic than expected from the in situ images.
The expression analyses demonstrate that HGF/SF and c-Met mRNA and protein are present in temporal and spatial patterns to impact forebrain development. The detection of the cleaved form of HGF/SF (70 kDa) (50 ng/ml) failed to induce a scatter response ( Figure  2F ; Stoker et al., 1987) . Conditioned media from either E14.5 cortical or GE explants also induced a scatter HGF/SF in the adult cortex (data not shown). In the response ( Figures 2G and 2H ), which was blocked with ventral telencephalon, HGF/SF is expressed in the prolifan anti-HGF/SF antibody (Ab) ( Figures 2I and 2J ). We erative cells of the GE as early as E11.5; the hybridization quantified the scatter response by measuring the dissignal increases at E13.5, with a weaker signal in the tances between nearest neighbor MDCK cell nuclei. mantle zone. Through prenatal development, as the proWhen cells are clustered together, as in the control (0 liferative pool of the GE is reduced, HGF/SF signal deng/ml HGF/SF), less than 2% of the cells were farther creases, with remaining weak expression in the postmithan 80 m from each other (Table 1 ). In contrast, 5-10 totic mantle zone at late embryonic ages. ng/ml HGF/SF resulted in an approximate 2-fold inThe HGF/SF receptor, c-Met, showed a similar anacrease in the number of the cells farther than 80 m, tomical pattern of expression as HGF/SF, although the and a 43% increase in percentage of cells located beintensity of staining was considerably lower. c-Met was tween 40 and 80 m from each other. Conditioned media barely detectable at E11.5, with the signal increasing from cortex and GE explants showed a profile similar with age. Whereas all of the cells of the VZ appeared to an HGF/SF concentration of 5-7 ng/ml. to express the HGF/SF message uniformly ( Figure 1A) , The conditioned media experiment demonstrates that the most intense c-Met expression was evident in subthe fetal cerebral wall and GE produce active HGF/SF, populations of the progenitor cell pool. Hybridization but the assay does not provide spatial information resignal was most evident in cells closest to the ventricular garding activity. We developed a second strategy for surface ( Figure 1B) . As noted for HGF/SF, c-Met expresdirectly assessing the motogenic activity of HGF/SF. sion in the proliferative pool of the cerebral cortex and Dye-labeled MDCK cells were plated at high concentrastriatum decreases with age and is low postnatally. Cells tion on coronal sections of fresh embryonic (E13.5-residing in the cortical plate and subplate also are c-Met E18.5) telencephali, supported on membrane filters. positive ( Figure 1D ). In contrast to HGF/SF, c-Met exAfter 2 hr in culture, the MDCK cells settled and attached pression in the cortical plate remains high early postnain a relatively uniform fashion on the sections, without tally, with a moderate signal persisting in the adult. apparent regional differences ( Figure 3A In order to verify our qualitative observations, we calculated the area fraction occupied by MDCK cells 24 hr after plating on the E13.5 and E16.5 forebrain sections ( Figure 3E ). Scatter activity was comparable at both ages. In regions of high HGF/SF expression in the cerebral wall, such as the VZ or CP, MDCK cells covered only 2%-3% of the area. In contrast, regions of very low HGF/SF expression (IZ and MZ) had substantially higher cell densities, with ‫%01-%8ف‬ of the area occupied by MDCK cells. In the ventral telencephalon, MDCK cells covered ‫%3ف‬ of the GE, whereas in low HGF/SF expressing regions, such as the mantle zone, ‫%8-%7ف‬ was covered. Consistent with these findings, we found that scatter activity was substantially reduced at E18.5 when HGF/SF transcript and protein expression is low. Thus, in the cortical VZ, the low area fraction values of 2%-3% at E13.5 and E16.5 increased to 8% at E18.5. In order to verify that the motogenic response was due to HGF/SF, MDCK cell scatter was assessed in the presence of neutralizing Abs to HGF/SF. Anti-HGF/SF Ab greatly diminished the scattering response at 24 hr (Figure 3D) , resulting in an overall increase in MDCK cells that were distributed relatively uniformly when compared to controls ( Figure 3F ). Control Ab had no effect on the scatter response. The combined data demonstrate that the forebrain exhibits measurable motogenic activity, attributable to HGF/SF, in a spatial pattern consistent with expression levels. Immunoblots of extracts from the forebrain of E12.5 ness of the cerebral wall was altered modestly ( Figures  6E and 6F ). The overall reduction in calbindin ϩ cells in and E16.5 u-PAR Ϫ/Ϫ mice revealed ‫07ف‬ kDa and 145 kDa bands for HGF/SF and MET, respectively, but each the cerebral cortex, and the increased accumulation subcortically, is consistent with a defect in interneuron was particularly faint compared to their WT counterparts ( Figure 5A ). An increase in single chain HGF/SF was not migration from the GE into the dorsal pallium. 
Exogenous

purple regions). Schematic of a typical result (D) when HGF/SF is added to explants and the surrounding collagen gel (D). The DiI-labeled cells migrated abnormally along many different trajectories and typically failed to reach the cerebral wall. (A) Micrograph demonstrates the injection site into the GE (box shown in [G]). Even at this low magnification, a large number of DiI-labeled cells are evident in the cerebral wall (box shown in [E]). (C) Explant after addition of HGF/SF. Injection site is located in the GE (box shown in [H]). The ventricular space, filled with collagen also contains DiI-labeled cells (box shown in [I]), but very few cells are seen in the cerebral wall (box shown in [F]). (E) The cerebral wall in a control explant illustrates a large number of DiI-labeled cells. (F) Very few labeled cells are seen in the cerebral wall in explants treated with exogenous HGF/SF. (G) Injection
